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Abstract 


lime-reversal symmetries impose stringent constraints on antennas, radiating and 
scattering systems. In telecommunications, we are bound to transmit and receive 
signals equally well from the same point in space, making a directive antenna prone 
to receive echoes and reflections. In a similar fashion, while metasurfaces have 
shown large flexibility in manipulating transmissions and reflections from interfaces, 
they are bound to transmit from opposite directions with the same strength. Recent 
works have shown that weak temporal modulation or mechanical motion in suitably 
designed metamaterial structures may largely break reciprocity and time-reversal 
symmetry, providing a way to overcome these constraints. Here we show 
theoretically and experimentally radiating and scattering systems with drastically 
different transmission and reception properties. The proposed concept may provide a 
route towards compact and efficient radio-frequency communication systems, as 
well as open new directions in nanophotonics, energy harvesting, and thermal 
management, when translated to different frequency ranges. 
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Fundamental Symmetry Constraints of Transmit-Arrays 
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Linear Momentum Bias over a Surface 
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Non-Reciprocal Radiation Based on ST Modulation 
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Non-Reciprocal Radiation Based on ST Modulation 
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Non-Reciprocal Radiation Based on ST Modulation 





BO а P1 


Bottom 


LLL ILL xL a 





P2 | Mod in | RF in 


Y. Hadad, J. C. Soric,and A. Alt, under review (2015) 


f^ S METAMATERIALS & PLasmonics Ë 
CE | A. Alii -CNew Venues for Metamaterials and Plasmonics © EP POCH AC RATS A 1; 








Non-Reciprocal Radiation Based on ST Modulation 
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Non-Reciprocal Radiation Based on ST Modulation 
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CRLH Leaky-Wave Antennas 
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ST-Modulated CRLH Leaky-Wave Antennas 
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ST-Modulated CRLH Leaky-Wave Antennas 
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Angular-Momentum Biasing for EM Waves 
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Angular-Momentum-Biased Optical Isolator 
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Floquet Topological Insulators 
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